Abstract -Today, the development of technology has reached at an amazing level. Either in households or industries, technology becomes an important necessity that facilitates human life. There are many technologies around us that use physics principles learned at senior high schools. However, many senior high school students are not aware that their daily life technologies are closely linked with the principles. The students only memorize physics formulas without knowing the theories and their applications. This paper describes the working principle of a dehumidifier, which is an equipment to make our body comfort by reducing room's humidity, related to the topic on thermoelectric given to senior high school students. The main working principle of dehumidifier is to change humid air into water droplets using a small fan and a cooling coil. The dehumidifier sucks humid, hot air by employing the small fan. The humid, hot air touches the cooling coil so that the water content in air thickens and it becomes water droplets. The water droplets finally drip to the collecting bucket. This principle is closely related to the concept of thermoelectric and thermodynamic concepts learned in high schools.
Introduction
Atmosphere always contains water vapor, which is a gas that is odorless, invisible and colorless. Water vapor has the same molecule structure with water but it is in the form and the state of gas. Water vapor is a result of evaporation of liquid water. Since evaporation is the change of water from a liquid state to a gaseous state, certain amount of heat is needed in evaporation. The concentration of water vapor in the atmosphere is called as humidity, which always changes depending on the local air temperature.
The concentration of water vapor can be expressed in absolute humidity, specific humidity, or relative humidity [1, 2] . The total mass of water vapor per unit volume of air is referred to absolute humidity. The comparison between the mass of water vapor to the mass of moist air in a certain unit volume of air is called as specific humidity. Moist air mass is the total mass of all atmospheric gases contained while the relative humidity (RH) is the percentage ratio between the pressure of water vapor to the pressure of saturated water vapor, as expressed in Eq. (1) [1] . % 100 ) (
Humidity of air is also known as air wetness level. In some cases, very high levels of humidity cause adverse effects because high humidity will trigger the growth and reproduction of harmful bacteria more quickly [2] . Therefore, the equipment that is able to reduce humidity level become normal is needed. The equipment that can perform this function is called as dehumidifier whereas an instrument used to measure the humidity level is called as hygrometer.
Dehumidifier is technological equipment that serves to regulate the humidity of a room. It converts water vapor into water droplets through a system based on thermoelectric concept. The working principle of this equipment is to change humid air become water droplets by using a cooling coil and a small fan. Then, water droplets fall into the container vessel called as collecting bucket. The dehumidifier sucks heat from the humid air and then release the cool air [3] .
In education, the introduction of scientific insight is needed in order to increase the motivation of learners in the study of science particularly physics. As we know physics is an important subject in the development of science and technology. In order to increase knowledge and insight for students and teachers on a variety of technology applications around us, this paper discusses detailed thermoelectric concepts which are applied in the dehumidifier technology as described above. This paper also reports simple experimental results on the performance of dehumidifier in reducing air humidity.
Theory
The concept of thermoelectric is to change heat energy of the temperature gradient into electrical energy or vice versa. Many thermoelectric applications are currently used, such as the use of heat differences in seabed and land to produce electrical energy. In general, there are 3 thermoelectric phenomena, namely: Seebeck, Peltier, and Thomson effects [4] . This paper discusses the Peltier effect because it is related to the concepts used in the dehumidifier technology.
The Peltier effect was first discovered by French physicist, Jean Charles Peltier in 1834. He observed a phenomenon that a temperature difference is generated after a flow of electric current in a semiconductor material. The
International Conference on Advances in Education Technology (ICAET 2014) occurrence of this temperature difference can be used to drain the amount of heat energy for a particular application ( Figure 1 ). The generated heat flow is proportional to the electric current flowed as expressed in the following equation [5, 6] :
where  is the Peltier coefficient of a semiconductor material used and I is the current flowed. Some commonly used semiconductor materials are Bi 2 Te 3 , PbTe and SiGe [6] . The difference in temperature due to the Peltier effect causes an amount of heat flows from a high temperature reservoir to lower one. Temperature increases linearly with the amount of heat flow. Astrain, et al. [6] have modeled the linear relationship as shown in Figure 2 .
Dehumidifier is one of the technological products based on the Peltier effect. This equipment is able to decrease high humidity of air becomes normal humidity through the process called as dehumidification by reducing the concentration of water vapor content in the atmosphere. There are several parameters that affect the time taken for dehumidification process, that is: air temperature, relative humidity, air flow velocity, and heat [2] .
Dehumidifier is commonly used to protect the stock of medicines in pharmaceutical industries, to protect sensitive equipment in hospitals, and to maintain the level of humidity in the production areas. For these needs, the optimal relative humidity range is between 30 to 35%. Fig.2 The relationship between heat flow and temperature increase [6] Basically, the main working principle of dehumidifier is to absorb heat from the moist environment so that the process of condensation of water vapor occurs. The condensation process causes a phase change of water vapor into water droplets and the water droplets are collected in a tank located in the dehumidifier. A hydro sensor in the dehumidifier will respond if the tank is already full. The absorbed heat will then be released back to the other side of the dehumidifier. This cycle runs continuously until the relative humidity reaches a saturation state [3, 8] . The complete diagram of the dehumidifier can be seen in Figure  3 . Fig.3 Diagram of dehumidification process [8] There are two important concepts of physics that is closely related to the working principle of dehumidifier. The first concept is the phase change of water from vapor to liquid form and the second concept is the second law of thermodynamics stating that to flow heat from the lowtemperature reservoir to high-temperature reservoir an amount of work is needed as illustrated in Figure 4 . These concepts are already learned in high school but an explanation of the applications of the concepts is still lacking. Fig.4 The second law of thermodynamics Noting the working principle of dehumidifier, it is categorized as a heat engine. The moist environment is defined as the low-temperature reservoir, while the hightemperature reservoir is the environment that has low humidity (after processed by the dehumidifier). According to the second law of thermodynamic, the work W exerted by the dehumidifier to flow heat from the cold reservoir to the hot reservoir is expressed by Eq. (3) [9] .
where Q H and Q L are the heat given to the hot reservoir and that released by the cold reservoir, respectively.
Hence, the coefficient of performance of a dehumidifier is expressed as
Because of heat and temperature are proportional, Eq. (4) can be rewritten as:
Other quantities which are very important in this case are the rate of heat absorption (H) and power (P), where H = Q/t and P = W/t with t is time. Thus the coefficient of performance of a dehumidifier can also be expressed by [9] .
Experimental
We have conducted a simple experiment in order to obtain the relationship between size of the room and the rate of reducing relative humidity. The decrease of humidity was measured by a digital hygrometer that can display the percentage of relative humidity and ambient temperature ( Figure 5.(b) ). Measurements were taken at two different boxes with dimensions (30 x 22 x 30) cm and (40 x 25 x 30) cm. A mini dehumidifier purchased from Ace Hardware Indonesia was used in the experiment ( Figure 5.(b) ). Both of the boxes were prepared at the same initial relative humidity. The hygrometers were placed in the boxes and the dehumidifiers were turned on simultaneously. We recorded the percentage of relative humidity and temperature measured by the hygrometer every 15 minutes for 150 minutes.
Results and Discussion
From the simple experiment, we obtained the humidity every 15 minutes for 150 minutes for each box as shown in Figure 6 . The temperature every 15 minutes for 150 minutes measurements are given in Figure 7 . As seen in Figure 6 , the initial of relative humidity in both boxes was set at 75%. It was obtained that the small box has greater rate of decrease in the relative humidity (0.29 %/min.) than the big box does (0.20 %/min.). This happens because the total concentration of water vapor molecules in the small box is less than that in the big box. Fig.7 Curve of relationship between temperature increase and time taken Figure 7 shows that the increase of temperature occurs faster in the small box (0.054 o C/min.) compared to that in the big box (0.043 o C/min.). It means that the amount of heat needed in the small box to decrease the humidity is less than that in the big box. The dehumidifier will therefore demand more work for decreasing the humidity in the big box.
Conclusion
We have described in detail the concept of thermoelectric and Peltier effect to explain the working principle of a dehumidifier in reducing the relative humidity of air in a room. The working principle of dehumidifier is based on the second law of thermodynamics in which the dehumidifier absorbs heat from a low-temperature reservoir and releases it into a high-temperature reservoir.
A simple experiment was performed using two boxes that have different sizes. It was obtained the decrease rate of humidity in the small box is higher than that in the big box. In addition, the small box has an increase rate of temperature higher than that in the big box.
